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StMlAM 


The  results  of  preliminajEy  investigations  ©n  seleGted  unidlrectlonally 
Solidified  hinary  eutectic  alloys  are  reported  in  this  quarterly  progress  report » 
These  investigations  have  sho™  that  the  Gu-Cr  and  AlsAl^Ni  systefiis  can  tee 
successfully  unldirectioaally  solidified  with  only  very  occasional  growth  des 
fects^  teands>  such  that  highly  oriented  microstructures  result.  Large  ingots  of 
the  Ai=CuAlg  system  have  not  teeen  produced  free  of  teends  to  date.  However,  several 
ingots  with  Only  slight  or  li^t  teands  have  teeen  otetalned.  The  Al^Al^Nl  system 
has  teeen  chosen  as  an  alternate  for  the  cr^crg^Gg  syst^,  teoth  rod-type  eutectles^ 
since  the  reinforcing  rod  or  whisker  in  the  latter  syst^  has  tee^  deteimined  to 
tee  Cr  rather  than  Grg^cg. 

Mechanical  testing  of  several  unldirectionally  solidified  Gu-dr  ingots, 
produced  at  fast  growth  rates,  indicate  that  failure  occi^s  tey  a  comtelned  shear 
and  tensile  mode.  Similar  e3q)erlmente  on  as-cast  and  unidlrectlonally  solidified 
Al-Al^Nl  ingots  which  contain  11  volume  percent  of  a  fiterous  Al^Ni  phase  indicate 
that  controlled  solidification  has  lead  to  the  production  of  a  reinforced  Structure 
in  which  the  load  is  successfully  transferred  to  the  fiteers  tey  the  matrix,  several 
Or  whiskers,  <  I  diameter>  have  teeen  tensile  tested  and  have  shown  elastic 
strengths  in  excess  of  1^000,000  psi  and  elastic  moduli  of  35  «  h0,ooo,000  psi. 
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Analytical  aad  Experimental  Investigations  of  the 


j^ajture  Meeh^isms  of;  Controlled  folyphase  Alloys 


INTRODUCTION 


fflils  Is  tile  first  tuarterly  progress  report  for  Contract  No,  N600(l9) 593^1 
entitled  "Analytical  and  Experimental  Investigations  Of  the  Fracture  Mechanisms 
of  Controlled  Polyphase  Alloys^ "  covering  the  period  from  Octoher  29> 
through  Januai^  29,  19^3»  The  Objective  of  this  Investigation  is  to  determine  the 
role  of  highly  oriented  fibrous  and  lamellar  secohd*phase  particles  on  the  meehani* 
cal  properties  of  selected  eutectic  alloys , 

Considerable  experience  has  been  obtained  at  the  Research  Laboratories  in  the 
production  of  lanidirectionally  solidified  binary  eutectic  alloys  vhlch  have  their 
phases  aligned  parallel  to  one  another  and  to  the  direction  of  solidificationi  The 
microstructure  of  these  eutectlGS  may  be  either  rods  of  one  phase  in  a  matrix  of 
the  other  or  alternating  plates  of  each  phase,  systems  representative  of  each 
morphology  were  chosen  for  the  present  investigation,  Cu*Cr  and  cr^crg^Cg  as  rod- 
type  and  Al-CuAlg  lamellar* type.  However,  preliminary  investigations  of  the 

cr*Cr23C^  system  on  this  contract  have  shown  that  the  phase  relationships  are  not 
as  previously  reported  in  the  literature  by  other  investigators.  The  Al-Al^Ni 
System  has  been  chosen  as  an  sdternate  for  investigation  under  this  contract  since 
preliminary  work  performed  under  UAC  Research  Laboratories'  sponsorship  indicated 
that  the  microstructure  consisted  of  11  volume  percent  Al3Ni  rods  in  an  A1  matrix. 

This  report  includes  a  brief  description  of  the  experimental  procedures,  re¬ 
sults  of  preliminary  tests,  auid  work  to  be  conducted  during  the  next  report 
period. 


CONTROII®  SOLIDIFICATION  PROCEDURE 


Ou*Cr  System 

{fester  heats  of  eutectic  composition  using  035BC  Cu  (  99.85)  and  Cr  (99*  85+) 

were  prepared  in  two  ingot  sizes,  ^-in.  dia  and  li^in,  dia,  by  vacuum  induction 
melting  in  a  MgO  crucible  and  casting  into  silica  molds,  These  ingots  were  uni* 


direct ionaliy  solidified  in  vertical  q^uartz  Grucililes  using  a  hig&s frequency  indue* 
tion  source  and  graphite  susceptor  and  an  argon  atmosphere ^  solidification  rates 
were  varied  from  l.i  to  ll.O  cm/hr  for  the  4*in.  dia  bars  which  are  to  be  used  to 
study  the  fracture  mechanism  as  a  function  of  growth  rate>  and  were  varied  from  IsS 
to  S.8  cm/hr  for  l§*in.  dia  ingots  which  are  to  be  used  to  study  mechanical  behavior 
as  a  fimction  of  or* fiber  orientation» 


Al*Al3Ni  System 

A  master  heat  of  5.T  weight  percent  Ni  was  prepared  fr^  99.99^  ^  and  Ni  by 
vacuum  induction  melting  in  a  AI2O3  crucible  and  easting  in  a  SiOi  meldi  The  §*in. 
dia  ingots  were  then  unidirectionally  solidified  in  vertical  graphite  crucibles 
using  sn  induction  heat  source  at  rates  from  1  to  3  cm/hr  in  an  argon  atmosphere, 
^e  microstructure  of  this  system  is  illustrated  in  Figi  la  and  lb>  transverse 
and  longitudinal  sections,  showing  the  AI3NI  fibers  in  the  Al  matrix^ 

AlaOuAlf  Systm 

Master  heats  of  two  sizes,  rectaj^sular  S/S*ih.  x  l^*iai  x  5§^in»  long  and 
cylindrical  l^*in*  dia  x  ^*in.  long,  were  prepared  from  pure  (99*99^5  Al  and 
99*999  Cu)  and  impure  (99*99  Al  and  99*85  Cu)  starting  material  by  vacuum  indue* 
tion  melting  in  AI2O3  cruGibies  and  casting  in  SiOg  molds.  Several  l^*in.  dia  x 
10* in.  long  ingots  were  prepared  by  induction  melting  in  graphite  Grucibles  under 
an  argon  atmosphere  using  the  same  purity  materials*  The  best  solidification  rate, 
as  determined  from  previous  work,  appears  to  be  8  cm/hr. 

The  rectangular  ingots  were  unidirectionally  splidified  in  a  horizontal  graph¬ 
ite  boat  using  a  resistance  heater.  Attainment  of  good  controlled  lamellar  struc* 
ture  was  difficvQ.t  using  this  geometry  since  heat  flow  is  very  unsjmiietricel. 
Bimierous  att^pts  were  made,  including  water  cooling  and  Vertical  solidificatioH, 
to  produce  planar  liquid*solid  interfaces  which  would  result  in  highly  controlled 
microstructures .  The  use  of  a  more  symietric  geometry  to  produce  uniform  heat 
flow,  the  cylindrical  l^*in.  x  5§*in,  ingots,  resulted  in  the  production  of  very 
large=grained  controlled  lamellar  mierostructure.  The  size  of  the  grains  produced 
by  this  technique  is  illustrated  in  Pig.  2, 

Banding,  illustrated  in  ”ig,  3^  ie  another  solidification  defect  which  will 
require  further  unldirectio^^  solidification  e;^erlments.  The  exact  origin  of 
banding  is  not  understoodj  however,  it  is  felt  that  perturbations  in  the  growth 
rate  and  thennal  gradient  are  important.  Eternally  produced  variations  in  the 
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rate  of  heat  flow  can'  result  1ft  these  perturhatloHS ^  Other  possibilities  such  as 
UnspimetriG  efid  effects  may  also  be  caUSiflg  bands*  Experimeats^  aimed  at  eliminating 
the  sources  of  banding^  are  being  made  to  evaluate  the  effects  of  drafts  Oh  the 
solidification  apparatus^  end  cooling  of  the  ingot,  and  solidification  of  longer 
Ingots . 


MECHANICAL  TSSTDIO  PBOCBDUEE 


feaslle  tests  of  several  unldirectlonally  solidified  Cu-Cr  and  Al“Al3Ni  heats 
and  Cr  whiskers  have  been  made. 


Cu-Cr  System 

standard  0.250- in*  dia,  l-lft.  gage  length  tensile  specimens  were  machined  from 
ingots  grown  at  rates  of  lo  cm/hr  and  tested  on  a  Tinius-Olsen  four-screw  testing 
machine  at  a  constant  strain  rate  of  0.01  ia*/in»/mln  using  a  i-ia.  nonaveraging 
extensometer  to  measure  strain* 


standard  0.250-in.  dia,  l-in.  gage  length  tensile  specimens  were  machined 
from  two  as-cast  and  seven  unidirectionaily  solidified  (l  to  3  cm/hr  growth  rates) 
ingots.  These  were  also  tensile  tested  on  a  Tinius-Olsen  four-screw  testing  machine 
at  a  constat  strain  rate  of  O.Ql  in. /in. /min  using  a  l-in.  nonaveraging  extensome¬ 
ter  to  measure  strain. 


Cr  Whiskers 

Chromium  •whiskers  were  chemically  extracted  from  Cu-Cr  eutectic  ingots  uni- 
directionally  solidified  at  rates  of  2.13  end  3.^5  cm/hr  using  dilute  nitric  acid. 
Individual  filaments  were  fastened  to  tapered  l-mil  tungsten  jaws  with  diphenyl 
c^bazide  glue,  axially  aligned  and  dead-wei^t  loaded  to  fracture.  Strain  was 
measured  by  tadEing  higb-magnification  photographs  of  the  filament  at  ■veupious  load 
Increments,  The  tensile  testing  instrwBent  used  to  obtain  the  mechMlcal  properties 
is  described  in  detail  in  Ref.  i. 

The  fractured  chranium  whisker  stub  -was  examined  in  the  electron  microsc^e 
to  determine  Its  apparent  thickness  and  mode  of  fracture.  Selected  area  electron 
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diffractiom  photographs  were  tahen  at  the  fractured  tip  and  along  the  length  of 
the  stuib  in  order  to  obtain  its  crystallographic  fiber  axis. 

iectlons  (1/i  in.  x  9/16  In^)  cut  perpendicular  to  the  growth  axis  in  the 
equilibrium  zone  of  the  Cu-Or  ingots  were  r^licated  and  electron  photomicrographs 
tahen  in  order  to  determine  a  whisker  shape  factor  and  mean  whisker  spacing,  and 
densityi  fhese  sections  were  subeetu^tly  dissolved  to  obtain  the  chromium 
whiskers  for  the  tensile  testing  described  above. 


RBSUiLlfS  ^  DISCUSSION 


preliminary  Mlcrostructure  Studies  of  Cr-crg3Gg  System 

Microstructural  examinations  of  the  as-cast  ingot  have  indicated  that  the  eu¬ 
tectic  in  this  system  is  rods  or  whiskers  of  Cr  in  a  crg3C6  matrix,  ^is  was  sub¬ 
stantiated  by  using  a  concentrated  HCl  etch  to  preferentially  etch  Or  and  also  by 
measuring  the  microhardness  of  the  eutectic  matrix  and  proeutectic  cr  islands  pres¬ 
ent  in  the  structure^  These  microhardness  measurements  indicated  that  the  eutectic 
inatrlx  is  approximately  two  times  as  hard  as  the  proeutectlc  Or.  These  results  are 
contradictory  to  those  first  reported  by  Westbrook  (Ref,  2)  but  are  consistent  with 
data  subsequently  reported  by  Westbrook  in  Ref.  3-  Since  the  eutectic  structure  is 
not  as  anticipated  (Crg^C^  rods  in  a  Or  matrix)  and  since  such  a  structure  does  not 
meet  the  fundamental  requirements  for  a  reinforced  composite  structure,  no  further 
work  will  be  done  on  this  System.  Instead,  as  previously  described,  the  ^-^3^ 
System  has  been  chosen  as  an  alternate. 


Controlled  Solidification  Esperiments 
Cu-Cr  and  AI-AI3NI  Systems 

The  unidirectional  solidification  e3g>eriments  on  the  Cu-er  and  Al=Al3Ni  rod- 
type  eutectic  systems  have  been  moderately  successful  with  the  exception  ©f 
occasional  banding  in  the  M-Al^i  systm.  The  effect  of  banding  on  the  mechanical 
properties  in  this  system  is  discussed  in  detail  below  and  it  is  felt  that  no 
major  problems  arise  because  of  the  banding.  The  specimens  have  shown  only  occa* 
sion^  defects  of  this  type  which  may  be  located  by  microstructural  examination, 

M-Cu  SystCT 

Considerable  progress  has  been  made  toward  producing  large  grains  of  controlled 
Ai*euAlg  eutectic.  Fig,  1.  However,  production  of  band- free  Ingots  from  which  micros 
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bend  speGimens  Gan  tee  maGteined  has  not  teeen  aGGomplished  to  date, 
with  Vei^  li^t  teandiag  have  teeen  produced  aad^  tey  proper  control 
variateles  Whieh  might  GaUse  perturteations^  it  is  felt  that  Ingots 
free  Of  teands  Gan  tee  pfoducedi 


Several  heats 
of  the  external 
SUffiGiently 


MeGhaniGal  l?est  Results 


Gu^Gr  Systan 

Previous  work  reported  tey  Hertzteerg  and  iQfaft  (Ref.  It)  indieated  that  the 
failure  mode  of  speGimens  unidireetionally  solidified  at  slow  rates  (less  than 
3  cm/hr)  was  of  the  shear  type.  ®iis  mode  was  teelleved  due  to  a  local  strain 
GoaGeatratioa  within  a  narrow  necked  hand  degrees  to  the  tensile  axis.  It 
was  postulated  that  cr  fibers  fractured  in  this  band  and  formed  microvolds  which 
eventually  coal  esc  ed  to  produce  a  "dialed''  fracture  surface  with  cr  fibers  teeing 
found  at  the  apex  of  the  "elongated  dimples."  The  schematic  representation  of 
this  proposed  fracture  mechanism  is  illustrated  in  Fig.  It  shotld  tee  noted  that 
no  increase  in  strength  over  that  of  the  tensile  strength  of  Gu  was  oteserved  for 
this  oriented  structure*  This  was  due  to  the  low  volume  percent  (roughly  2  percent) 
of  the  ultrahigh  strength  Cr  fibers. 

The  first  task  of  this  program  was  to  study  the  change  in  fracture  mode,  if 
any,  of  speGimens  solidified  at  faster  i^tes  (approximately  10  cm/hr) *  several 
tensile  tears  were  tested  to  failure  and  again  showed  no  increase  in  strength  over 
that  of  the  Gu  matrix.  The  fracture  originated  within  a  necked  band  perpendicular 
to  the  tensile  direction  and  produced  a  lagged  fracture  surface  oriented  between 
60-90  degrees  to  the  tensile  axis.  On  the  basis  of  preliminary  fraetographlc 
analysis,  the  fracture  surface  appeared  to  tee  formed  by  both  a  shear  and  tension 
mechanism.  The  shear  mechanism  is  the  same  as  r^orted  above  for  specimens 
solidified  at  the  slower  rates  and  is  illustrated  in  Pig.  9*  The  tension  mecha¬ 
nism  produces  a  fibrous  structure  of  highly  distorted  material  with  a  small  number 
of  equi^ed  dimples  (Fig.  6) .  This  is  caused  by  the  surfaces  pulling  apart  rather 
than  tey  shearing.  The  Cr  fibers  dp  not  appear  to  contribute  a  malor  role  in  this 
type  of  separation. 

Al.^Al3Ni  Syst^ 

Tensile  specimens  were  prepared  from  both  as-cast  and  controlled  microstructures 
Two  as-cast  samples  consisting  of  an  aluminum  matrix  hardened  by  11  volume  pereent 
of  a  randomly  dispersed  second  j^nse  of  AI3RI  rods  ejdiibited  as  average  tensile 
strength  of  13,600  psl  ®d  a  total  elongation  of  from  19  to  20  percent.  Three  uai- 
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direGtionally  solidified  test  bars,  Gomposed  of  an  A1  matrix  reinforced  by  Al^Ni 
rods  alipied  parallel  to  tbe  growth  direction,  displayed  an  average  tensile  strength 
of  35>000  psi  with  approximately  elongation.  Preliminary  comparison  of  tensile 
properties  between  the  as^cast  and  the  unidirectional  solidified  specimens  is 
illustrated  in  Pig.  7*  These  results  indicate  that  the  A1  matrix  is  satisfaetofily 
transferring  the  major  portion  of  the  load  to  the  presumed  hi gtt strength  AliNi 
fibers , 


The  tensile  data  from  these  samples  is  currently  being  analyzed  to  determiae 
whether  the  experimentally  obtained;  maximum  strength  and  general  stress- strain 
behavior  may  be  predicted  from  theoretical  considerations.  Preliminary  results 
show  that  the  material  does  exhibit  many  of  the  theoretically  predicted  character¬ 
istics.  This  ansilyeis  will  be  completed  shortly  and  shall  be  presented  in  the 
next  progress  report, 

Vtoen  the  fibers  carry  the  major  portion  of  the  load,  failure  of  the  composite 
Should  occur  a  very  short  time  after  fiber  failure,  purlag  the  time  interval  be¬ 
tween  fiber  and  composite  failure,  small  voids  co\ild  form  at  the  fracture  site  of 
the  fiber.  Depending  on  whether  the  fracture  plane  was  normal  to  or  at  some 
angle  to  the  fiber  axes,  the  fracture  sxirface  should  consist  either  of  "eguiaxed 
dimples"  containing  the  outline  of  the  broken  Al3Ni  fibers,  or  "elongated  ditties" 

Containing  the  outline  of  the  broken  Al3Ni  fibers,  respectively.  This  mechanism  of 
failure  has  been  verified  by  means  Of  an  electron  fractographic  study  of  the 
fractured  surface  (Pigs.  8  and  9).  The  photograph  of  the  Shear- type  failure  was 
taken  of  a  specimen  that  contained  short  plates  as  well  as  rods  so  that  both  shapes 
of  the  AI3NI  phase  are  noted  on  the  surface. 

Two  experimental  problems  have  been  encountered  in  the  production  and  testing 
of  this  material.  Due  to  some  perturbation  in  the  solidification  process,  some 
samples  have  heen  produced  with  one  or  more  narrow  annular  bands  perpendicular  to 
the  growth  direction  which  are  depleted  of  the  Al3Ni  fibers.  Conseg^uently,  less 
than  optimum  tensile  properties  have  been  obtained  with  such  a  microstructure.  The 
strengths  of  these  test  bars  were  found  to  be  in  the  range  of  25,QOO  -  30,000  psi 
with  failure  always  occurring  through  the  band  or  at  the  b^d-nozmO,  matrix  inter¬ 
face  (Hg,  10).  These  relatively  high  strengths  are  produced  by  the  plastic  con¬ 
straint  induced  triaxial  tensile  stresses  in  the  Al  band,  < 

Ihilures  of  the  band- free  structwce  have  occurred  in  that  shoulder  section  of 
the  test  bar  which  is  neaarer  to  the  head  end  of  the  original  ingot.  An  effort  is 
currently  being  made  to  determine  whether  these  failures  are  due  to  the  stress 
concentration  in  the  fillet  or  to  some  microstructural  inhOTOgeneity  peculiar  to 
the  head  end  of  all  ingots. 
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The  results  ototaiaed  to  date  are  most  eacouraging  ia  that  they  verify  the 
coateatloa  that  the  hiaaiy  eutectic  alloys  caa  serve  as  aa  excelleat  medium  for 
the  study  of  reiaforced  structures*  The  major  advaatage  of  this  class  of  materials 
is  that  there  are  ao  ■boadiag  problems  associated  with  the  two  ihases  siace  they  are 
Siffiiltaaeously  produced  from  the  melt* 


Or  Miskers 


The  mechaaical  properties  of  chromium  whiskers  tested  la  this  report  period 
are  showa  ia  Table  i*  They  represeat  oaly  those  whiskers  axially  aligaed  aad 
whose  fracture  occurred  within  the  outermost  fiducial  beads^  with  the  exception 
of  specimea  no*  102.  The  cross-sectloaal  area  of  the  stub  used  ia  determiaiag  the 
teasile  stress  was  assumed  to  be  circular.  The  corresponding  diameter  was  found 
by  measuring  the  shadow  thlckaess  of  the  stub  whea  magalfied  to  12,000  diameters 
in  the  electron  microscope* 

Because  of  the  approximations  made  la  determiaiag  the  cross* sectional  area, 
precise  values  of  the  elastic  modulus  are  difficult  to  obtain*  However,  ej^eri* 
meatally  detemined  values  of  the  elastic  modulus  of  chromium  arc  within  the  limits 
of  those  calculated  from  empirically  aad  experimentally  obtained  compliance  con¬ 
stants  aad  crystallographic  relationships.  For  example,  the  caleulated  modulus 
of  Gr  ia  the  <  112  >  direction  is  10*8  x  10^  pel  aad  agrees  well  with  specimens 
No.  151  aad  No.  loi,  whose  experlmeatal  moduli  vaiy  from  »  40, o  x  lo^  psi 
and  Whose  fiber  axis  has  been  deteftained  to  be  <112>  . 

Vflien  the  elastic  limit  was  exceeded  at  room  temperature,  the  whiskers  either 
fraGt^u•ed  with  no  measurable  deviation  from  Hooke's  law  (Fig*  ll)  or  displayed 
some  noalinear  behavior  (Pig.  12) »  froloaged  time  at  coastant  load  produced  no 
measurable  creep, 

TWO  specimens^  Nos.  lOl  and  102,  fractured  in  a  spectacular  manaer,  They 
snapped  suddenly  and  kinked  around  theaBselves,  Upon  detaching  the  whisker  from 
the  tensile  Jaws  by  heating  the  glue  to  285  C,  the  kink  immediately  straightened 
out.  Other  specimens,  not  reported  here,  fractured  so  violently  that  the  stubs 
were  lost  and  no  area  measur^ents  or  failure  mode  observations  could  be  made. 

These  tensile  measursBents  are  being  made  on  Cr  whiskers  which  have  a  thin 
passive  surface  film  as  a  Goaseguenee  of  being  stored  in  air  for  a  miniimmi  of 
several  days.  This  procedure  must  be  followed  since  freshly  extracted  whiskers 
will  bum  when  heated  to  the  mounting  t^^erature,  It  should  be  noted  that  X*ray 
diffraction  data  do  not  indicate  the  presence  of  a  chromii®  oxide  film  on  whiskers 
which  have  been  stored  in  air  for  over  one  year. 
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fUTtiiiE  mm 


Biifing  the  next  report  period,  Gontlnned  attenqats  will  he  made  to  prodtice 
hand-free  unidireGtiOnally  solidified  ingots  of  the  Al-CuAlg  euteotlo  with  large 
grains  from  whloh  mlorohend  speGimeas  may  he  maGhined.  These  specimens  will  he 
oriented  in  sueh  a  way  that  the  tensile  properties  and  elastic  moduli  may  he 
deteiffilned  as  a  funGtioa  of  lamellae  orientation. 

Similarly,  hand-free  speeimeas  of  the  Al-Al3Ni  will  he  tested  and  the  eause 
of  the  shoulder  failure  in  those  hand- free  specimens  reported  above  will  he 
assessed^  Work  will  continue  toward  predicting  the  mechanical  hehavior  of  the 
controlled  composite  structure  vtsiag  first  principles  of  elastic  theory  and  an 
extension  of  these  principles  to  predict  the  hehavior  after  plastic  defoliation 
of  the  matrix  will  he  attempted.  At  the  same  time,  the  feaslhility  of  chaically 
separating  the  Ai^Ni  rods  (whiskers)  fr^  the  Al  matrix  and  tensile  testing  them 
will  he  assessed. 

Work  will  continue  toward  ohtaining  a  full  understanding  of  the  mode  of  failure 
associated  with  the  structure  produced  at  high  solidiftcatioa  rates  in  the  Gu-cr 
system,  suh-slze  tensile  specimens  will  he  prepared  to  study  the  effect  of  Or 
whisker  orientation  on  the  failure  mode  in  this  system,  The  first  set  of  specimens 
Will  he  prepared  such  that  the  Or  ^iskers  are  initially  at  degrees  to  the 
tensile  axis. 

Since  the  hehavior  of  the  Or  Whiskers  varies  frcm  one  Whisker  to  another  it 
is  difficult  to  draw  conclusions  from  single  tests.  Therefore,  a  niunher  of  data 
points  will  he  obtained  for  several  solidification  rates  and  a  statistical  analysis 
Of  these  data  attempted. 
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MIGROSTRUCTURi  OF  UNlDlRtCTlONALLY  SOLIDIFIID 
A I  -  A 1 3  N I  £  U  r  i  GT I G  S  P  £  Gl  MI  N 


a)  TRANSVERSE  SEGT'ION;  GROWTH  DlREeTlON 
NORM At  TO  PAGE 
MAGNIFIGATION:  500  X 


62^825*02 


b)  tONGlTUOINAt  section;  OROWTH  DIRECTION 
LEFT  TO  RIGHT 

magnification;  300  x 
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B  « 910068  M  FIG.  2 

MACROSTRUCTURE  OF  Cu“Al  UNIDIRECTION ALLY 
SOLlDlFliO  EUTIGTIC  ALLOY 


TRANSVERSi  SECTION 
magnifigation;  s  x 


63*105^02-01 
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6^910068 ‘I  FIG.  3 

MACROSTRUCTURE  OF  Cu-AI  UNIDIRECTIONALLY 
SOLIDIFIED  EUTIGTIC  ALLOY 


UdNGlTUpINAL  SECTION  iINpICATUNG  SEVERE  BANDING 
SPEGIMEN  IS  OVERITGHED 
MAGNIFIGATION;  3  X 


63-069-01-01 
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B‘ 910068 -I  FIG.  4 

SCHIMATIC  tiPRESENTATlON  OF  PROPOSID  SHIAR 
FRACTURE  MODE  IN  CONTROLLiD  Cu“Cr  ALLOY 


(c)  (d) 


(q)  SHEAR  BAND  IN  NECKED  REGION 
(b)  WHISKERS  FRACTURE  CREATING  VOIDS 
(C)  DEFORMATION  OF  MATRIX  ROTATES  WHISKERS 
(d)  FRACTURE  along  SHEAR  BAND  CONNECTS  VOIDS 
PRODUCrNG  "elongated  dimples"  with  OUTLINES 
OF  WHISKERS 
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B‘ 91 0068^  I  FIG,  5 

''ELONGATED  DIMPLES"  ASSOCIATED  WITH 
SHEAR  MODE  OF  FAILURE 

M  A6N I F I  CATI  ON  I  13  500  X 


163^042  62 "604 
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1^910068^1  FIG.  6 

FliROUS  STRUGTURi  ILLUSTRATING 
TENSILE  MODE  OF  FAILURE 

magnification:  I4200X 


62-196 
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FRACTURI  SURFAGI  Of  Al^AlgNi  iUfICTiC  ALLOY 

"iOUIAXED  dimples"  INITIATED  BY  FAILURE  OF  AI3NI  FIBERS 
IN  PLANE  NORMAL  TO  TENSILE  AXIS 

magnifigation;  bsoo  x 
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FIG.  9 


FRACTURE  SURFACE  OF  Al-AliNi  tUTECTIC  ALLOY 

"ELONGATiO  dimples"  INITIATED  BY  FAILURE  OF  AlsNi  PLATES 
AND  RODS  IN  PLANE  AT  ANGLE  TO  TENSILE  AXIS 
MAG N I Fl cation:  7100  X 


8  "916068 -I  FIG.  10 

FIBiR  -  FREi  lAND  ADJACINT  TO  FRACTURI  SURFACI 

BAND  CAUSED  BY  PERTURBATION  DURING  SOLlDIFlOATlON. 
FRACTURE  SURFACE  NICKEL  PLATED  TO  PREVENT 
ROUNDING  DURING  POLISHING 
MAGNIFICATION:  lOO  X 


M63^02l  63^006 
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STRESS  -  STR  AIN  CURVE  FOR  Cr  WHiSKER 
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